ABSTRACT This study presents an evaluation of the total cumulative noise exposure of Finnish conscripts (N ϭ 416) during military service. All of the conscripts underwent a hearing screening and filled out a noise exposure questionnaire at the beginning and end of their military service. Eighty-nine percent of the conscripts were exposed weekly to military noise of over 85 dBA during the service. Eighteen percent of the conscripts had already reached at the end of their military service a cumulative noise dose corresponding to noise exposure of 85 dB for 40 years. During military service, permanent hearing loss of Ͼ20 dB in the frequency range of 0.5 to 8 kHz increased from 19 to 27% among the conscripts.
INTRODUCTION
Noise exposure during military service is thought to be one of the riskiest factors for hearing loss during the lifetime of young men. 1 Heavy weapons such as cannons, mortars, bazookas, missiles, and rockets cause high levels of impulse noise (140 -170 dB) that exceed the risk limit of hearing loss despite of the use of hearing protectors. 2, 3 High levels of impulse noise also cause other hearing symptoms. 4 Studies on hearing handicaps among young men starting military service indicate that the prevalence of hearing loss varies from 15% to 19% before conscription. The main cause of such hearing loss is primarily exposure to high sound levels during leisure time. [5] [6] [7] [8] [9] In an earlier study, 9 we concluded that, according to criteria set for occupational noise exposure, 10 -12 one-third of the conscripts (ages 19 -20 years) are exposed weekly before conscription to noise levels high enough to be a hearing risk. The high incidence of hearing symptoms was related to high leisure-time noise exposure. The measured hearing loss was assumed to be related to exposure to high noise levels during leisure time because this age group had no, or only short (1-2 years), experience with occupational noise exposure. The cumulative effect of noise during military service raises a question about the progression of hearing loss during conscription.
The aim of our present study was to examine the difference in the hearing thresholds of conscripts during their conscription in the Pori Brigade in 2001, estimate their total cumulative noise exposure and to determine the effects of their personal noise exposure on hearing thresholds and self-reported hearing symptoms.
MATERIALS AND METHODS
The study was carried out using a basic leisure-time noise exposure questionnaire developed by Jokitulppo et al. 8 The questionnaire was administered at both the beginning 9 and end of the conscription period. The conscripts filled out the questionnaire on a voluntary basis as part of their medical examination, and they returned the questionnaire to the field nurse (of the Pori Brigade), who sent all of the questionnaires for analysis.
A total of 1,054 questionnaires was accepted for the first part study. 9 In the examination at the end of the conscription period, 446 (response rate 42%) conscripts returned their questionnaire. Altogether 416 of the questionnaires were finally accepted for the study and 30 were rejected due to missing information or an overestimation of the time used in specific activities. Unfortunately, the conscripts serving 9 months did not participate in the study. The conscripts who served 6 (42%) or 12 months (58%) and remained in the study were between the ages of 19 and 27 years (all males; mean, 20.3 years). Most of them (97%) were between 19 and 21 years of age.
The questionnaire requested information on both noise exposure in relation to each type of weapon separately and the total number of shots to which the respondent was exposed, and on exposure to leisure time noise. Information of the conscripts' personal experience with hearing symptoms such as tinnitus and temporary hearing loss was also collected.
All of the conscripts underwent an audiometric examination at both the beginning and end of their military service. Pure tone audiometry (air conduction) was performed using a Micromate 304 Madsen Electronics Screening Audiometer (Audio & Kuulo, Turku, Finland). The tests were carried out in soundinsulated test rooms (Fin 2200; GN Otometrics, Turku, Finland or T-booth; C-A Tegner Ab, Taastrup, Denmark). The following test frequencies were used: 0.5, 1, 2, 3, 4, 6, and 8 kHz. Hearing loss was defined as thresholds Ͼ20 dB in one or more frequencies for one or both ears according to the following national classification system generally used in Finland: type 1: normal hearing, hearing threshold Յ20 dB in both ears over all frequencies; type 2: hearing threshold Յ20 dB in the speech frequencies (0.5-2 kHz) and of a maximum of 40 dB at 3 kHz or a maximum of 65 dB at 4 kHz; type 3: hearing threshold average Ͻ20 dB in the speech frequencies but threshold exceeds 40 dB at 3 kHz or 65 dB at 4 kHz; type 4: hearing threshold average Ն20 dB also in the speech frequencies.
With the Microsoft Excel computer program (version 1997, SR-1; Redmond, Washington), we calculated weekly noise exposure levels (L EX.40 hours ) for each leisure-time activity separately and for all leisure-time activities combined according to the noise energy principle (equation 1). Leisure-time noise exposure was calculated using the self-reported duration of exposure to noise in leisure-time activities (per week or per year) and the subjectively estimated loudness levels (on a scale from 1-5) of each activity. 8 To simplify the calculation, all of the leisure-time activities (impulse noise such as fireworks included) were regarded as noise with a constant level. The rating, from 1 to 5, was transformed into A-weighted equivalent sound pressure levels as follows: 1 ϭ 60 dBA, 2 ϭ 70 dBA, 3 ϭ 80 dBA, 4 ϭ 90 dBA, and 5 ϭ 100 dBA. If the hours engaged in an activity were estimated as hours per year, the sum of the hours per year was divided by 52 to obtain the weekly noise exposure.
where L Aeq.w is the weekly equivalent noise level of the leisure-time activity; L Aeq is the A-weighted sound pressure level of the leisure-time activity, from 60 to 100 dB; T w is the duration (hours) of the leisure-time activity in an average week; and T 0 is the reference time exposure (40 hours). We also calculated the total cumulative lifetime (L Aeq.cum ) leisure-time noise exposure calculated using the self-reported total number of years spent in each activity and in all the activities combined (equation 2). If the total number of years of exposure was not reported, 1 year was used in the calculations. This assumption had to be made, because more than half of the subjects had not answered this question (74% of conscripts with 6 months served and 45% of conscripts with 12 months served). The total cumulative leisure-time exposure calculated is assumed to be a minimum estimate for those who did not report years of exposure because the average years of exposure was 5 years for those who reported total number of years.
L Aeq.cum ϭL Aeq.w ϩ 10 ϫ log 10 T year (2) where T year is the duration of the activity in an average year. Military noise exposure during the time of conscription (L Aeq. mil ) was calculated with equation 3 using the noise levels L Aeq.1s 1-3 of each weapon type (Table I) , the number of shots (average of 1-10, 10 -100, or 100-1000 shots), and the length of the conscription period (6 or 12 months). The total cumulative military noise exposure during the conscription period (L Aeq.mil.cum ) was also calculated for all weapons combined. The weekly military noise exposure was calculated by dividing L Aeq.mil.cum by the time of conscription, 26 weeks (6 months) or 52 weeks (12 months), respectively. L Aeq.mil ϭL Aeq.1s ϩ 10 ϫ log 10 ͑N) ϩ 10 ϫ log 10 ͑t/T)
where L Aeq.1s ϭ the equivalent noise level for each weapon (Table I) ; N ϭ the number of shots (5, 50, or 500); t ϭ 1 second; T ϭ total length of the conscription period (6 or 12 months) in seconds. Finally, the total cumulative lifetime noise exposure to both leisure-time and military noise was calculated (L Aeq. cum. tot ). The L Aeq.cum , L Aeq.mil.cum , and L Aeq.cum.tot of each conscript was compared with exposure to 85, 80, and 75 dBA for 40 years, as calculated by equation 2. The comparison was performed for exposure to 101 dBA (85 dB for 40 years), 96 dB (80 dBA for 40 years), and 91 dBA (75 dBA for 40 years).
Basic statistical analyses were used to describe the data. The limit for statistical significance was set at 0.05. All of the statistical analyses were carried out with the SPSS program (version 11.5; SPSS, Inc., Chicago, Illinois).
RESULTS

Leisure-Time Noise Exposure
The most popular activities were watching television, listening to a home stereo, and going to nightclubs and pubs (Table II) . Most of the time was spent watching television and listening to a home stereo. The average total sum of hours spent per week in all activities involving noise was 31.1 hour (range 1-120 hours). The calculated weekly noise exposure averages of the different activities varied from 52.5 to 72.1 dBA (Table II) . The highest exposure levels were found for playing in a band and going to nightclubs and pubs. The total weekly leisure-time noise exposure median was 78.0 dBA and mean 77.2 dBA (range, 41.6 -100.5 dBA). The median and mean of the total lifetime leisure-time noise exposure (L Aeq.cum ) were 79.8 and 80.2 dBA (range, 41.6 -106.0 dBA).
During their leisure time, altogether 21% of the conscripts were exposed weekly to noise levels over the 85 dBA risk limit for hearing loss. A cumulative (lifetime) noise exposure of 101 dBA (85 dB for 40 years of exposure) had been reached by 2% of the conscripts, 5% had a corresponding value of over 96 dBA (80 dBA for 40 years) and 13% had a cumulative value of 91 dBA (Ͼ75 dBA for 40 years).
Military Noise Exposure
The military noise exposure to different weapons varied between 49.9 and 96.3 dB on the average (Table III) . The highest exposures were caused by the 95-mm bazooka and the 120-mm mortar. The total military cumulative noise exposure (L Aeq.mil.cum ) for all the weapons combined averaged 85.3 dB, with a median of 94.4 dB (range, 10.9 -114.2 dB). For the conscripts with 6 months of service, the military exposure averaged 81.0 dB, with a median of 84.8 dB, and, for those with 12 months of service, the mean was 88.5 dB (median, 94.6 dB). This difference was statistically significant (p Ͻ 0.001). Both the 95-mm bazooka and the 120-mm mortar accounted for most (93%) of the cumulative military noise exposure of the conscripts. The weekly military noise exposure averaged 101.3 dBA, with a median of 111.5 dBA (range, 25.1-131.4 dB). The weekly military noise exposure was statistically significantly higher among the conscripts in the mortar company (108.4 dB, p Ͻ 0.01) and the antitank company (114.7 dB, p Ͻ 0.01) when compared with the exposure of the rifle company (95.9 dB) and the pioneering company (95.2 dB). The military police and other units also had high weekly noise exposure (104.9 dB), but the difference was not significant. When these groups were compared with respect to the L Aeq.mil values, the difference was not statistically significant. During their military service, alto- gether 89% of the conscripts were exposed weekly to military noise levels exceeding the 85 dBA risk limit for hearing loss. A total lifetime military noise exposure of 101 dB was reached by 18% of the conscripts, 30% had a value exceeding 96 dBA, and that of 55% was 91 dBA. The mean total cumulative lifetime noise exposure (L Aeq cum. tot) of the military and leisure-time noise combined was 90.7 dB, with a median of 94.7 dB (range, 16.2-114.2 dB). For 20% of the conscripts, this value was 101 dBA, whereas 36% had a value exceeding 96 dBA, and of that 62% was 91 dBA. There was a very significant (p Ͻ 0.001) difference between the noise exposure of the 6-month (87.5 dB) and 12-month conscripts (92.9 dB).
Hearing Loss and Hearing Symptoms
Hearing loss rated as types 2 to 4 was found for 27% of the conscripts (n ϭ 114). There was a statistically significant difference (p Ͻ 0.001) between the hearing thresholds of the conscripts who served 6 months (38.5%) and those who served 12 months (19.8%). There was also a statistically significant difference (p Ͻ 0.05) between service units of the military police (35%), the rifle companies (32%), and the mortar units (33%) compared to pioneering (19%) and antitank (5%) companies.
The correlation between hearing loss in the right ear at frequencies of 1 kHz (r 0.371, p Ͻ 0.05), 2 kHz (r 0.626, p Ͻ 0.001), 4 kHz (r 0.480, p Ͻ 0.01), and exposure to noise from pistols and machine guns was statistically significant. For the left ear, the relationship between hearing loss at frequencies of 0.5 kHz (r 0.488, p Ͻ 0.01), 1 kHz (r 0.403, p Ͻ 0.05), and 3 kHz (r 0.437, p Ͻ 0.05), and exposure to noise from pistols and machine guns was statistically significant. In addition, exposure to noise from 120-mm mortars correlated with hearing loss in the right ear at 6 kHz (r 0.372, p Ͻ 0.05). The highest threshold shift was found at 6000 kHz (mean, 24.5 dB and 27.9 dB for the right and left ears, respectively). No other significant difference was found between the different frequencies and hearing losses.
Altogether 55% of the conscripts experienced tinnitus sometimes during noise exposure, and tinnitus occurred often or continuously for 2% (Table IV) . The degree of tinnitus was described as moderate by 61% and as annoying or very annoying by 3%. Bilateral tinnitus was reported by 37%, whereas unilateral tinnitus was reported by 13%. The 12-month conscripts experienced tinnitus-related noise statistically significantly (p Ͻ 0.01) more often (sometimes and often 66%) than the 6-month conscripts (sometimes and often 50%). Exposure to explosions correlated with tinnitus (r 0.137, p Ͻ 0.5), and exposure to mortar noise correlated with sound distortion (80-mm mortar, r 0.141; 120-mm mortar, r 0.171; both p Ͻ 0.5). There were no other significant differences between other hearing symptoms and the length of the conscription, the service unit, or the weapon type.
Temporary hearing loss due to noise exposure occurred sometimes among 28% of the conscripts and often or continuously among 1%. Altogether 51% of the conscripts described annoyance sometimes due to noise exposure, whereas 2% claimed it occurred often or continuously. Sound distortion was reported sometimes by 24% of the conscripts, and often or continuously by 1% (Table IV) . There was a statistically significant (p Ͻ 0.05) difference between the cumulative leisure-time noise exposure and both tinnitus and pain in the ear, and temporary hearing loss (p Ͻ 0.01) with conscripts with high leisure-time noise exposure (Table V) .
Altogether 7% of the conscripts reported subjective permanent hearing loss. The most common reason given for this perception was exposure to (1) loud music (46%), (2) impulse noise (28%), (3) shooting firearms (11%), (4) otitis media (9%), or (5) genetic condition (2%). A total of 6% claimed that their hearing had worsened during their military service, whereas 41% of those with hearing loss did not know whether or not their hearing had worsened or they stated that their hearing loss had not worsened. Only 7% actually realized that their hearing was not normal, and 27% could not say whether their hearing was normal or not. Almost all of the conscripts (99%) had used hearing protection on the shooting range, but, during combat training exercises, only 86% reported doing so. The conscripts who had not used hearing protectors at all times had tinnitus statistically significantly (p Ͻ 0.001) more often (18.5%) than those who always used hearing protection (6.4%).
DISCUSSION
According to this study, 89% of the conscripts were exposed weekly to military noise of over 85 dB. Altogether 18% of the conscripts had already reached a cumulative noise exposure level equivalent to 85 dB for 40 years. Most of their military noise exposure had been caused by 95-mm bazookas and 120-mm mortars, which accounted for most of the conscripts' military noise exposure. The most exposed conscripts were those who had served in the mortar or antitank companies and who had served a 12-month conscription period. During their military service 21% of the conscripts had been exposed weekly to equivalent noise levels of over 85 dBA during their leisure time. Before their conscription, 27% had a weekly noise exposure of over 85 dB. 9 The main reason for the decreased leisure-time noise exposure during military service was less time (mean of 12 hours or less) spent on such activities. Our earlier studies with the same type of calculation method indicated that 50% of teenagers (12-16 years of age) and 9% of adults (25-55 years of age) are exposed weekly to equivalent sound levels of over 85 dBA. 8, 13 Our current results seem to fall between those of teenagers and adults. Altogether 2% of the conscripts in this study had reached a 40-year cumulative noise exposure equivalent to 85 dB. When the military and leisure-time noise exposure were combined, 20% of the conscripts had been cumulatively exposed to noise levels equivalent to exposure to 85 dB over a period of 40 years. Most of this exposure had been caused by military noise.
In the initial examination, hearing loss was more common among the conscripts who then served 6 months than among those who served 12 months, and the difference had often increased by the time the conscripts were discharged. These groups had also differed in the first examination, but, at that time, the difference was not significant. Klockhoff et al. 14 and Muhr et al. 15 found the same type of results. Both studies concluded that conscripts who had mild hearing loss already at the time they reported for training had a higher risk of a significant threshold shift than those who initially had normal hearing. One explanation for this result was the fact that the conscripts with moderate and severe hearing loss (type 3 or 4) before their military service began served for a shorter time. Another reason could be the high noise exposure levels (such as those of mortar noise) during military service and its effect on the further development of hearing loss among those with mild hearing loss.
Our study seemed to confirm the assumption that young men in their early 20s engage in certain noisy activities, such as going to nightclubs. 16 Frequent attendance at discotheques and music bars could be related especially to poorer hearing among this age group. 17 The effect of leisure-time noise exposure during military service plays a minor role, however, when compared with that of military noise exposure. Nevertheless, leisure-time noise exposure contributes to the progression of hearing loss before and after the time of conscription.
In our study population, tinnitus was experienced sometimes by 54 to 67%, and often by 2 to 7%, of the conscripts in relation to noise exposure. Temporary hearing loss was reported sometimes by 28 to 45% and often by 2%. Jokitulppo et al. 8 reported tinnitus sometimes for 69.6%, and often for 2.5%, of teenagers (aged 12-17 years), and temporary hearing loss was experienced sometimes by 42.5% and often by 2.7%. Similar results have been reported by Smith et al. 18 for 66% of their study population, which comprised 18-to 25-year olds who attended nightclubs or rock concerts and reported temporary effects on their hearing or tinnitus. In our study, personal experience with tinnitus was related both to the longer service time and to the high levels of noise exposure. The long exposure time could have been related to the more frequent report of tinnitus lasting a long period of time after the cession of noise exposure. 19 In our study, the conscripts with a high personal cumulative (lifetime) leisure-time noise exposure complained of tinnitus, pain in the ear, and temporary hearing loss. However, an overall relation between military noise exposure and hearing symptoms was not found despite the high levels of military noise exposure. Only noise from explosives was found to be related to personal experience of tinnitus, whereas sound distortion was associated with mortar noise. The main reason for this finding may be the high level of hearing protection use during the exposure to military noise, in contrast to the less frequent use of hearing protection during leisure time.
The prevalence of permanent hearing loss (Ͼ20 dB) in this study population was 19% before the beginning of military service. Other studies have had similar results for hearing loss (15-18%) . 5, 6, 20 The results of our present study seem to indicate a similar incidence, rather than an increase in recent years. However, the prevalence of hearing loss increased to 27% during the military service. This increase in hearing loss may be explained by the high military noise exposure levels during this period. Ylikoski 21 reported a similar finding with professional soldiers of the same age group as our conscripts. In his study, more than one-fourth (26%) of the officers under 30 years of age had the same level of hearing loss. The main cause of hearing loss in our study was possibly acute acoustic traumas that occur during combat training in the field. In our study, the less frequent use of hearing protection during combat training could have been related to the hearing loss that occurred. The significant correlation with hearing thresholds of different frequencies was primarily related to noise from pistols and machine guns. The same result has also been reported by Mrena et al. 22 and Savolainen and Lehtomäki, 4 as the main cause of acute acoustic traumas in their studies was exposure to noise impulses from small arms. This type of exposure also seems to be related to the high prevalence of tinnitus among the conscripts in our study who did not always use hearing protectors in combat training. So far, the effects of acute acoustic traumas and possible compensation have generally been evaluated by audiometric findings, but, in some cases, tinnitus may be an even more serious threat to life satisfaction than mild hearing impairment. 19 There are some limitations which may have effect of the results of the study. Low response rate, and the blank answers left in the final questionnaire survey decreased the total sum of the accepted questionnaires. Also the assumed 1-year minimum with the calculation of L Aeq.cum may have effect on those subjects who did not report the leisure-time exposure of years. This effect was seen especially with the difference between the noise exposure of the 6-month and 12-month conscripts. However, the lack of motivation to answer the questions may have an effect on results; this is seen especially on the results of the hearing symptoms. In the final examination at the end of the conscription period in our study, fewer hearing symptoms were reported than in the initial examination at the beginning of the conscription period. One reason for this finding may be less time exposed to leisure-time noise during the time of conscription. Another reason could also be the attitudes and motivation for answering the questionnaire of the conscripts at the time they finished their military service. When conscripts arrive in their military unit, they are eager to receive the best hearing threshold rating, but, when they are leaving, they no longer care.
CONCLUSIONS
During military service in our study the progression of hearing loss was notable, as the percentage of hearing loss increased from 19 to 27%. Military noise exposure seems to have had the most effect on this increase, as the exposure to leisure-time noise was less during military service than preceding it. Although the time of exposure to military noise is short, the noise is powerful, and both military and leisuretime noise affect the total cumulative lifetime noise exposure. One of five of the conscripts included in our study was at risk of experiencing hearing loss during leisure-time activities. The high incidence of hearing symptoms and hearing loss with high exposure levels seems to confirm the assumption that leisure-time noise exposure is a significant cofactor in the further development of hearing loss and hearing symptoms such as tinnitus.
